Abstract. Osteoarthritis (OA) is a common inflammatory joint disease. Micrornas (mirnas/mirs) have been reported to be involved in the pathogenesis of oa; however, the role of miRNAs in OA remains largely unexplained. The purpose of the present study was to investigate the expression and role of miR-195-5p in OA, and to further explore the mechanism. The expression level of miR-195-5p was measured using reverse transcription-quantitative polymerase chain reaction (RT-qPCR). TargetScan and a luciferase reporter assay were used to reveal the associations between miR-195-5p and reGγ (also known as PSMe3). To investigate the role of miR-195-5p in OA, a cell model of OA was established by treating ATDC5 cells with lipopolysaccharide (LPS). Then an MTT assay was conducted to detect cell proliferation ability, and an Annexin V-fluorescein isothiocyanate/propidium iodide apoptosis detection kit was used to measure cell apoptosis. In addition, the levels of interleukin (IL)-1β, il-6 and tumor necrosis factor (TNF)-α were determined using ELISA. Furthermore, gene and protein expression was measured via RT-qPCR and western blot assay, respectively. The results revealed that miR-195-5p was significantly upregulated in the articular cartilage tissues of patients with OA and in LPS stimulated ATDC5 cells. REGγ was a direct target of mir-195-5p. The repressed cell proliferation ability and enhanced cell apoptosis of ATDC5 cells induced by LPS were reversed by miR-195-5p downregulation. Furthermore, LPS stimulation significantly upregulated the levels of IL-1β, IL-6 and TNF-α, while miR-195-5p downregulation markedly reduced the expression of inflammatory factors induced by LPS. The results also revealed that a mir-195-5p inhibitor inhibited the lPS induced repression of the Wnt/β-catenin signaling pathway and activation of nuclear factor (NF)-κB signaling pathway in ATDC5 cells. Notably, the results of the present study also indicated that all of the effects of the mir-195-5p inhibitor on ATDC5 cells were reversed by REGγ silencing. In conclusion, the results indicated that the miR-195-5p inhibitor served a protective role in OA by inhibiting chondrocyte apoptosis and inflammatory responses by regulating the Wnt/β-catenin and NF-κB signaling pathways.
Introduction
Osteoarthritis (OA) is a type of degenerative joint disease that seriously affects the health of the elderly, and is characterized by articular cartilage degradation and joint inflammation (1) (2) (3) . The main clinical manifestations of OA include recurrent joint pain and gradually increased joint movement disorder. OA seriously endangers the physical health of middle-aged and elderly people, and greatly affects patient quality of life, causing a heavy burden for individuals, families and even society (4) . Articular cartilage chondrocytes and extracellular matrix (ECM) are the two components of articular cartilage. As the only cell component in articular cartilage, the main function of chondrocytes is to maintain the metabolic homeostasis of the ecM (5, 6) . Apoptosis of chondrocytes is one of the main pathological features of OA (7, 8) . Clinically, the primary treatment methods of OA are to relieve joint pain, maintain or improve the physiological function of the joint, and protect the tissue structure of the joint; however, the current effects are unsatisfactory. Therefore, identifying a safe, reliable and effective OA treatment is an urgently required, long-term task. Currently, the pathogenesis of OA remains largely unclear; the study of cartilage damage is important to elucidate the pathogenesis of OA, providing a theoretical basis for oa prevention and intervention.
MicroRNAs (miRNAs/miRs), a family of small non-coding RNAs, 19-25 nucleotides in length, regulate gene expression by binding to the 3' untranslated region (3'UTR) of the target genes (9, 10) . miRNA is involved in the regulation of many
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YanG SHu 1* , JunPenG lonG 2* , WEIXIONG GUO 3 and WEI YE survival-associated activities such as organ development, cell proliferation, cell differentiation and apoptosis (9, 11, 12) . Recently, an increasing body of research has shown that mirnas serve an important role in cartilage formation and oa development (13, 14) . mir-195-5p, a member of the miR-15a/b/16/195/497 family, is located on chromosome 17p13.1 (15) . In recent years, the role of miR-195-5p in tumors has been extensively studied (16) (17) (18) (19) . However, the function of miR-195-5p in OA is largely unknown. The purpose of the present study was to investigate the differential expression level of miR-195-5p in normal and OA cartilage tissues, and to study the biological effects and mechanisms of miR-195-5p on LPS induced chondrocyte injury. We hope to explore novel therapeutic targets and provide new theoretical basis for the treatment of oa. To establish the cell model of oa, aTdc5 cells were treated with 5 µg/ml lipopolysaccharide (LPS; Sigma-Aldrich; Merck KGaA) at 37˚C for 5 h. Cells without any treatments were used as the control.
Materials and methods

Clinical
Cell transfection. inhibitor control, mir-195-5p inhibitor, control-small interfering (si)-rna and the reGγ-sirna were purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). aTdc5 cells were seeded into a 6-well plate (1x10 6 cells/well) and cultured at 37˚C for 24 h. Then, aTdc5 cells were transfected with 100 nM mir-195-5p inhibitor (5'-GCC AAU AUU UCU GUG CUG CUA-3'), 100 nM inhibitor control (5'-CAG UAC UUU UGU GUA GUA CAA-3'), 2 µl control-siR NA [5'-UUC UCC GAA CGU GUC ACG UTT-3' (sense) and 5'-ACG UGA CAC GUU CGG AGA ATT-3' (antisense)], 2 µl reGγ-siRNA [5'-CAG AAG ACU UGG UGG CAA ATT-3' (sense) and 5'-UUU GCC ACC AAG UCU UCU GTT-3' (antisense)] or 100 nM miR-195-5p inhibitor+2 µl reGγ-siRNA using Lipofectamine 3000 ® regent (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. At 24 h post-cell transfection, transfection efficiency was detected via reverse transcription-quantitative polymerase chain reaction (rT-qPcr). 
Enzyme-linked immunosorbent assay (ELISA).
To detect the levels of il-1β, IL-6 and TNF-α in cell supernatants, ELISA was performed. Briefly, the cell culture supernatant was collected by centrifugation (1,000 x g at 4˚C for 10 min), then the concentrations of the inflammatory cytokines (IL-1β, cat. no. ab100704; IL-6, cat. no. ab100712 and TNF-α, cat. no. ab208348) were determined by ELISA (Abcam, Cambridge, UK) according to the manufacturer's instructions of each kit.
RT-qPCR. The total RNA was extracted from tissues and cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) as per the manufacturer's instructions. Then the TaqMan MicroRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used to perform the RT experiment. Amplification conditions for RT experiment were 50˚C for 15 min and 85˚C for 2 min. Finally, the synthesized cDNAs were analyzed using TaqMan Universal Master Mix II (Applied Biosystems; Thermo Fisher Scientific, Inc.) following the manufacturer's protocols. Amplification conditions were: 10 min at 95˚C, followed by 35 cycles of 15 sec at 95˚C and 40 sec at 55˚C. GAPDH and U6 were used in the present study for normalizing mRNA and miRNA levels. Primer sequences were as following: GAPDH forward, 5'-CTT TGG TAT CGT GGA AGG ACT C-3' and reverse, 5'-GTA GAG GCA GGG ATG ATG TTC T-3'; U6 forward, 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3' and reverse, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'; TNF-α forward, 5'-Gaa cTG Gca Gaa GaG Gca CT-3' and reverse, 5'-GGT CTG GGC CAT AGA ACT GA-3'; il-1β forward, 5'-TGT GAA ATG CCA CCT TTT GA-3' and reverse, 5'-TGA GTG ATA CTG CCT GCC TG-3'; IL-6 forward, 5'-CCG GAG AGG AGA CTT CAC AG-3' and reverse, 5'-CAG AAT TGC CAT TGC ACA-3'; miR-195-5p forward, 5'-GGG GTA GCA GCA CAG AAA T-3' and reverse, 5'-TCC AGT GCG TGT CGT GGA-3'; REGγ forward, 5'-AAG GTT GAT TCT TTC AGG GAG C-3' and reverse, 5'-AGT GGA TCT GAG TTA GGT CAT GG-3'. Relative gene expressions were calculated by the 2 -ΔΔcq method (20) .
Dual luciferase activity assay. The targets of mir-195-5p were predicted using TargetScan bioinformatics software 7.1 (www.targetscan.org/vert_71), and reGγ was revealed to be a potential target of miR-195-5p. To verify this prediction, the wild-type (REGγ-WT) and mutant (REGγ-MuT) 3'UTR of REGγ were cloned into a pmir-rB-report™ dual luciferase reporter gene plasmid vector (Guangzhou RiboBio Co., Ltd.). ATDC5 cells (5x10 4 cells/well) were co-transfected with 100 ng reGγ-WT or 100 ng REGγ-MuT and 50 nM miR-195-5p mimic (5'-UAG CAG CAC AGA AAU AUU GGC-3') or 50 nM mimic control (5'-UUC UCC GAA CGU GUC ACG UTT-3') using Lipofectamine 3000 ® regent (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocols. At 48 h post-transfection, the dual-luciferase assay system (Promega Corporation, Madison, WI, USA) was used to determine luciferase activity, which was normalized to Renilla luciferase activity.
Western blot assay. Whole cell proteins were extracted from cells (5x10 5 cells/well) using Radioimmunoprecipitation Assay Lysis buffer (Beyotime Institute of Biotechnology, Shanghai, China) according to the manufacturer's protocols. The protein samples were quantified using the BCA™ Protein Assay kit (Pierce; Thermo Fisher Scientific, Inc.). Western blotting was performed using a Bio-Rad Bis-Tris Gel system (Bio-Rad Laboratories, Inc.) following the manufacturer's instructions. Briefly, protein samples (30 µg/lane) were separated by 12% SDS-PAGE and then transferred onto polyvinylidene difluoride membranes. Then the membranes were blocked with 5% non-fat milk at room temperature for 1.5 h, incubated with primary antibodies at 4˚C overnight, and subsequently incubated with a secondary antibody at room temperature for 4 h. The primary antibodies used in this study were REGγ (cat. no. ab157157; 1:1,000; abcam), Bcl-2 (cat. no. 4223; 1:1,000), Bax (cat. no. 14796; 1:1,000), β-catenin (cat. no. 25362; 1:1,000), c-Myc (cat. no. 5605; 1:1,000), Cyclin D1 (cat. no. 2978; 1:1,000), p-p65 (cat. no. 3033; 1:1,000) and β-actin (cat. no. 4970; 1:1,000) (all from Cell Signaling Technology, Inc., Danvers, MA, USA). The horseradish peroxidase-conjugated secondary antibody was obtained from Cell Signaling Technology, Inc. (cat. no. 7074; 1:2,000). At the end of this experiment, protein bands were visualized using the enhanced chemiluminescence detection system (Super Signal West Dura Extended Duration Substrate; Pierce; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. Gel-Pro Analyzer densitometry software (version 6.3; Media Cybernetics, Inc., Rockville, MD, USA) was used for band density quantification.
Statistical analysis. All experiments were repeated three times. The data were presented as the mean ± standard deviation. Statistical analyses were carried out using SPSS 17.0 statistical software (SPSS inc., chicago, il, uSa). comparisons between two groups were evaluated by Student's t-test, and comparisons between multiple groups were analyzed using one-way analysis of variance followed by Tukey's post hoc test. P<0.05 was considered statistically significant.
Results
miR-195-5p is upregulated in OA.
To determine the mir-195-5p expression level in OA, RT-qPCR was performed. As shown in Fig. 1A , when compared with the control group, the level of miR-195-5p was significantly upregulated in the articular cartilage tissues of patients with OA. In addition, the level of miR-195-5p in the murine chondrogenic cell line ATDC5 was significantly increased following LPS treatment for 5 h in comparison with the control group (Fig. 1B) . (Fig. 2a) . To determine whether miR-195-5p directly modulated REGγ expression via interactions with potential binding sites, a luciferase reporter assay was performed. As shown in Fig. 2B , compared with co-transfection with reGγ-MuT and mir-195-5p mimic, luciferase activity was markedly decreased by co-transfection with reGγ-WT and miR-195-5p mimic. The results indicated that miR-195-5p directly targeted REGγ.
REGγ is a target of miR-
195-5p. Bioinformatics tools on TargetScan (www.targetscan.org) were used to predict the potential targets of miR-195-5p. The results revealed that REGγ was a potential target for mir-195-5p
miR-195-5p inhibitor enhances the ATDC5 cell proliferation ability inhibited by LPS.
To investigate the effect of mir-195-5p on OA, the present study firstly transfected ATDC5 cells with mir-195-5p inhibitor, inhibitor control, control-sirna, reGγ-siRNA or miR-195-5p inhibitor+REGγ-sirna respectively, and the transfection efficiency was detected 24 h following cell transfection. as shown in Fig. 3a , compared with the control group, miR-195-5p inhibitor significantly downregulated the miR-195-5p level in ATDC5 cells. reGγ-siRNA significantly reduced the protein and mRNA levels of reGγ in aTdc5 cells (Fig. 3B and c) . in addition, the miR-195-5p inhibitor significantly upregulated the protein and mrna levels of reGγ, and this upregulation was attenuated by REGγ-sirna ( Fig. 3d and e) .
Then, an MTT assay was conducted to determine the effect of miR-195-5p on ATDC5 cell proliferation ability. The data showed that the miR-195-5p inhibitor significantly enhanced the proliferation ability of ATDC5 cells, which was inhibited by LPS treatment, and this enhancement was markedly reversed by REGγ-sirna (Fig. 4) .
miR-195-5p inhibitor reduces the ATDC5 cell apoptosis induced by LPS.
The present study further investigated the effect of miR-195-5p on ATDC5 cell apoptosis via flow cytometry. The results indicated that LPS treatment significantly induced ATDC5 cell apoptosis, but this increase in cell apoptosis was inhibited by the miR-195-5p inhibitor. Notably, the results also indicated that reGγ-siRNA significantly eliminated the effect of the mir-195-5p inhibitor on aTdc5 cell apoptosis ( Fig. 5a and B) . In addition, we the levels of increased Bax and decreased Bcl-2 levels induced by LPS treatment were reversed by the miR-195-5p inhibitor. Furthermore, REGγ-siRNA significantly eliminated the effect of the miR-195-5p inhibitor on the expression of Bcl-2 and Bax in LPS treated ATDC5 cells (Fig. 5c) .
miR-195-5p inhibitor prevents the inflammatory response in ATDC5 cells induced by LPS.
The present study then investigated whether miR-195-5p has an effect on the inflammatory response during OA development. The results demonstrated that the mrna and protein levels of il-1β, IL-6 and TNF-α were significantly enhanced by LPS stimulation. The miR-195-5p inhibitor significantly reduced the expression levels of il-1β, IL-6 and TNF-α, and these reductions were reversed by REGγ downregulation (Fig. 6) . These results indicated that the miR-195-5p inhibitor prevented the inflammatory response in ATDC5 cells induced by LPS.
miR-195-5p inhibitor represses LPS-induced Wnt/β-catenin and nuclear factor (NF)-κB signaling pathway activation in ATDC5
cells. Finally, to explore the molecular mechanism underlying the effects of the mir-195-5p inhibitor on aTdc5 cells, the Wnt/β-catenin and NF-κB signaling pathways were analyzed. as shown in Fig. 7 , LPS stimulation significantly decreased the protein expression of REGγ, β-catenin, c-Myc and Cyclin D1, and enhanced the phosphorylation of NF-κB [phosphorylated (p)-p65] in aTdc5 cells, while the mir-195-5p inhibitor markedly increased REGγ, β-catenin, c-Myc and Cyclin D1 protein expression and reduced p-NF-κB (p-p65) protein expression. As expected, REGγ-siRNA significantly attenuated the effect of the mir-195-5p inhibitor on reGγ, β-catenin, c-Myc, Cyclin D1 and p-p65 expression in ATDC5 cells.
Discussion
In the present study, miR-195-5p expression was significantly increased in patients with OA and the OA cell model. miR-195-5p downregulation repressed the effects of LPS on reduced cell proliferation ability, enhanced cell apoptosis and increased inflammation-associated factor expression by targeting REGγ. In addition, the results suggested that miR-195-5p downregulation inhibited LPS-induced Wnt/β-catenin signaling pathway repression and activation of the NF-κB signaling pathway in ATDC5 cells. The results of the present study indicated that the miR-195-5p inhibitor protected chondrocytes from LPS-induced injury, therefore it may be a promising therapeutic target for OA treatment.
OA is an orthopedic multiple degenerative inflammatory disease. The main pathological manifestation of OA is the destruction of the structural and functional integrity of articular cartilage and the inflammatory response (21) . The onset of OA is a complex process involving multiple factors. Currently, the etiology and pathogenesis of OA are not fully understood (22) . Chondrocytes serve a very important role in the pathogenesis of oa (23) . Therefore, studies on chondrocyte injury have potential significance for identifying effective methods for treating oa.
Recently, an increasing body of evidence has revealed that mirnas serve an important role in cartilage formation and oa development (13, 14) . mir-195-5p, a member of the miR-15a/b/16/195/497 family, is currently extensively studied in the development of tumors (16) (17) (18) (19) . However, the role of miR-195-5p in OA is unknown. Therefore, we conducted the present study.
The present study firstly detected the expression level of miR-195-5p in OA, and the results revealed that miR-195-5p was significantly upregulated in the articular cartilage tissues of patients with OA and in the LPS-induced OA cell model, indicating the potential role of mir-195-5p in oa. Then, it was identified that REGγ, a proteasome activator, was a direct target of mir-195-5p.
During the progression of OA, areas with severe matrix degradation and destruction are often associated with the excessive apoptosis of chondrocytes (24) . The excessive apoptosis of chondrocytes is considered to be one of the key factors in the pathogenesis of oa (25) . The present study demonstrated that the inhibited cell proliferation ability, and increased cell apoptosis of chondrocytes induced by LPS treatment were inhibited by miR-195-5p downregulation. Another important discovery was that REGγ knockdown significantly eliminated the effect of miR-195-5p on chondrocyte apoptosis.
Chondrocytes can promote cartilage degradation through the secretion of inflammatory factors (26) . A large number of cytokines, especially inflammatory factors, are involved in the regulation and maintain the dynamic balance of articular cartilage. Inflammatory factors can stimulate cascades in many ways, continuously stimulating chondrocytes to secrete cytokines, which in turn triggers OA (27) (28) (29) . in the present study, LPS significantly enhanced the levels of IL-1β, il-6 and TNF-α, while mir-195-5p inhibitor reversed these enhancements. it is worth mentioning that the effect of the mir-195-5p Figure 4 . Effect of the miR-195-5p inhibitor on ATDC5 cell proliferation ability. At 24 h post-transfection with either the miR-195-5p inhibitor, inhibitor control, or miR-195-5p inhibitor+REGγ-siRNA at 37˚C, the cells were treated with LPS for 5 h. Cells without any treatment were used as the control group. Then, ATDC5 cell proliferation ability was assessed by an MTT assay. data were presented as the mean ± standard deviation. inhibitor on the expression of inflammatory factors in chondrocytes was eliminated by REGγ silencing.
Finally, to explore the underlying mechanism of the effects of the miR-195-5p inhibitor on LPS-induced chondrocyte injury, the Wnt/β-catenin and NF-κB signaling pathways were analyzed. The results revealed that the miR-195-5p inhibitor inhibited the LPS-induced Wnt/β-catenin signaling pathway repression and NF-κB signaling pathway activation in chondrocytes, and this inhibition was reversed by REGγ knockdown.
In conclusion, to the best of our knowledge the present study has reported for the first time that miR-195-5p was abnormally high in OA, and its inhibition could inhibit chondrocyte apoptosis and the inflammatory response in an OA cell model by targeting REGγ. miR-195-5p may be a novel and promising therapeutic target for the treatment of OA. However, this is a preliminary study of the role of miR-195-5p in OA, and in order to make the role of mir-195-5p in oa more convincing, a lot of further research is still required. For example, the effect of miR-195-5p overexpression on the OA cell model still requires investigation. In addition, the expression of REGγ in the articular cartilage tissues of patients with OA and the LPS-induced cell model should be revealed. Furthermore, the in vitro study of OA is significantly different from the in vivo OA in humans, and some in vivo and clinical studies of miR-195-5p in OA are required to confirm the role of miR-195-5p in OA. In the future, we will perform in-depth research on these issues. Figure 7 . Effect of the miR-195-5p inhibitor on Wnt/β-catenin and NF-κB signaling pathway activation in ATDC5 cells. At 24 h post-transfection with either the miR-195-5p inhibitor, inhibitor control, or miR-195-5p inhibitor+REGγ-siRNA at 37˚C, the cells were treated with LPS for 5 h. Cells without any treatment were used as the control group. (A) Then, the protein levels of (B) Cyclin D1, (C) c-Myc, (D) β-catenin, (e) reGγ and (F) p-p65 were detected using western blot assay and Gel-Pro Analyzer densitometry software was used for band density quantification. Data were displayed as the mean ± standard deviation. 
